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FOUR-WHEEL DRIVE HYBRID VEHICLE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of US. patent applica 
tion Ser. No. 10/667,168 ?led Sep. 19, 2003, now US. Pat. 
No. 7,004,869 Which is a continuation of US. patent appli 
cation Ser. No. 10/007,402 ?led on Dec. 5, 2001, now US. 
Pat. No. 6,648,785, Which claims the bene?t of US. Provi 
sional Application No. 60/286,120, ?led on Apr. 24, 2001. 

FIELD OF THE INVENTION 

The present invention relates generally to hybrid drive 
systems for motor vehicles and, more speci?cally, to a 
transfer case for use in four-Wheel drive hybrid vehicles. 

BACKGROUND OF THE INVENTION 

Automobile manufacturers are actively Working to 
develop alternative poWertrain systems in an effort to reduce 
the level of pollutants exhausted into the air by conventional 
poWertrains equipped With internal combustion engines. 
Signi?cant development has been directed to electric 
vehicles and fuel cell vehicles. Unfortunately, these alterna 
tive poWertrain systems suffer from several disadvantages 
and, for all practical purposes, are still under development. 
HoWever, several different hybrid electric vehicles (HEV) 
have recently been offered for sale. These hybrid vehicles 
are equipped With an internal combustion engine and an 
electric motor that can be operated independently or in 
combination to drive the vehicle. 

There are tWo types of hybrid vehicles, namely, series 
hybrid and parallel hybrid. In a series hybrid vehicle, poWer 
is delivered to the Wheels by the electric motor Which draWs 
electrical energy from the battery. The engine is used in 
series hybrid vehicles to drive a generator Which supplies 
poWer directly to the electric motor or charges the battery 
When the state of charge falls beloW a predetermined value. 
In parallel hybrid vehicles, the electric motor and the engine 
can be operated independently or in combination pursuant to 
the running conditions of the vehicle. Typically, the control 
strategy for such parallel hybrid vehicles utiliZes a loW-load 
mode Where only the electric motor is used to drive the 
vehicle, a high-load mode Where only the engine is used to 
drive the vehicle, and an intermediate assist mode Where the 
engine and electric motor are both used to drive the vehicle. 
Regardless of the type of hybrid drive system used, hybrid 
vehicles are highly modi?ed versions of conventional 
vehicles that are expensive due to the componentry, required 
control systems, and specialiZed packaging requirements. 

Hybrid vehicles have also been adapted to four-Wheel 
drive vehicles and typically utiliZe the above-noted parallel 
hybrid poWertrain to drive the primary Wheels and a second 
electric motor to drive the secondary Wheels. Obviously, 
such a four-Wheel drive system is extremely expensive and 
dif?cult to package. Thus, a need exists to develop hybrid 
poWertrains for use in four-Wheel drive vehicles that utiliZe 
many conventional poWertain components so as to minimiZe 
specialiZed packaging and reduce cost. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide 
a hybrid poWertrain or drive system for a four-Wheel drive 
vehicle. 
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2 
In accordance With another object, the four-Wheel drive 

hybrid drive system of the present invention includes a 
transfer case adapted for connection betWeen the transmis 
sion and the front and rear drivelines of the motor vehicle. 
According to another object, the four-Wheel drive hybrid 

drive system is a parallel-type system With a gearbox and an 
electric motor/generator integrated into the transfer case. 
As a related object, the hybrid drive system of the present 

invention permits use of the internal combustion engine and 
the electric motor/ generator separately or in combination as 
poWer sources for driving the motor vehicle. 

These and other objects are provided by a transfer case 
adapted for use in a hybrid vehicle drive system having a 
primary poWer source, a primary driveline and a secondary 
driveline. The transfer case includes a primary output shaft 
connecting the primary poWer source to the primary driv 
eline, a secondary output shaft connected to the secondary 
driveline, a gearbox having an input member and an output 
member connected to the secondary output shaft and a 
secondary poWer source connected to the input member of 
the gearbox. The primary poWer source is a poWertrain 
comprised of an internal combustion engine and a transmis 
sion. The secondary poWer source is an electric motor/ 
generator. 

Further areas of applicability of the present invention Will 
become apparent from the detailed description provided 
hereinafter. It should be understood that the detailed descrip 
tion and speci?c examples, While indicating preferred 
embodiments of the present invention, are intended for 
purposes of illustration only since various changes and 
modi?cations Within the scope of this particular invention 
Will become apparent to those skilled in the art. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs a hybrid drive system for a four-Wheel drive 
vehicle in accordance With the present invention; 

FIG. 2 is a schematic vieW of a transfer case associated 
With the hybrid poWertrain of FIG. 1; 

FIG. 3 is a schematic of an alternative construction for a 
transfer case adapted for use in the hybrid drive system of 
FIG. 1; and 

FIG. 4 is a diagram shoWing the control system associated 
With the hybrid drive systems of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring to the draWings, a four-Wheel drive poWertrain 
for a hybrid motor vehicle is shoWn to include a primary 
poWer source 10 comprised of an internal combustion 
engine 12 and a transmission 14, a primary driveline 16, a 
secondary driveline 18 and a secondary poWer source 20 
comprised of an electric motor/generator 22. The vehicle 
further includes a poWertrain control system 24 generally 
shoWn to include a battery 26, a group of vehicle sensors 28 
and a controller 30. Primary driveline 16 includes a ?rst pair 
of Wheels 32 connected to a ?rst axle assembly 34 having a 
differential unit 36 connected to one end of a primary prop 
shaft 38, the opposite end of Which is connected to a primary 
output shaft 40 of a transfer case 42. Similarly, secondary 
driveline 18 includes a second pair of Wheels 44 connected 
to a second axle assembly 46 having a differential unit 48 
connected to one end of a secondary prop shaft 50, the 
opposite end of Which is connected to a secondary output 
shaft 52 of transfer case 42. 
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In the embodiment shown, primary driveline 16 is the rear 
driveline such that motive power (i.e., drive torque) gener 
ated by engine 12 and transmission 14 is transmitted to rear 
Wheels 32 for establishing a tWo-Wheel/rear drivemode of 
operation. As Will be detailed, electric motor/ generator 22 is 
operable to drive the secondary driveline that is, the front 
driveline, such that motive poWer is transmitted to front 
Wheels 44 for establishing either of a tWo-Wheel/front drive 
mode or a four-Wheel drive mode. It is to be understood that 
the present invention is likeWise applicable to a drivetrain 
arrangement in Which primary poWer source 10 transmits 
poWer to the front driveline While secondary poWer source 
20 transmits poWer to the rear driveline. 

Referring noW primarily to FIG. 2, transfer case 42 is 
shoWn schematically to include a housing assembly 56 of 
the type normally adapted for bolted mounting to the casing 
of transmission 14. Primary output shaft 40 is rotatably 
supported in housing 56 by bearing assemblies and is 
adapted for direct connection betWeen the transmission 
output shaft and primary prop shaft 38. In this manner, drive 
torque from engine 12 is transferred through transmission 14 
and output shaft 40 to primary driveline 16. Transfer case 42 
further includes a planetary gearset 58 operably installed 
betWeen secondary output shaft 52 and electric motor/ 
generator 22. Gearset 58 includes ring gear 60 that is 
non-rotationally ?xed (i.e., such as to the housing a transfer 
case 42), a sun gear 62 and planet gears 64 meshed With sun 
gear 63 and ring gear 60. Planet gears 64 are rotatably 
supported on pins 66 that are ?xed to a planet carrier 68. As 
seen, planet carrier 68 is ?xed for rotation With secondary 
output shaft 52 While sun gear 62 is ?xed for rotation With 
a rotor shaft 70 of motor/ generator 22. Thus, energization of 
a stator 72 of motor/generator 22 causes driven rotation of 
rotor shaft 70 and sun gear 62 Which results in rotation of 
planet carrier 68 at a reduced speed, such that planetary 
gearset 58 acts as a reduction gearset. While not intended to 
be limiting, it is contemplated that a preferred reduction ratio 
of about 3 to l is established by rear planetary gearset 58. 

Transfer case 42 is, in essence, not a transfer unit but 
rather a unit for housing secondary poWer source 20 Within 
the packaging conventionally provided for the transfer case 
in a four-Wheel drive vehicle. A hybrid transfer case 142 is 
shoWn in FIG. 3 Which is generally similar to transfer case 
42 except that a selectively engageable clutch and shift 
system 80 is incorporated therein. System 80 includes a 
transfer assembly 82 for selectively transferring drive torque 
from primary output shaft 40 to secondary output shaft 52 to 
establish a locked four-Wheel drive mode. Transfer assembly 
82 includes a ?rst sprocket 84 rotatably supported on 
primary output shaft 40, a second sprocket 86 ?xed to 
secondary output shaft 52, and a poWer chain 88 meshed 
therebetWeen. A mode clutch 90 is provided for selectively 
coupling ?rst sprocket 84 to primary output shaft 40. Mode 
clutch 90 is shoWn as a synchronized dog clutch having a 
poWer-operated shift actuator 92 operable for moving a dog 
sleeve 94 betWeen a released and an engaged position. It Will 
be understood that dog clutch can be readily replaced With 
a poWer-operated (electromagnetic, hydraulic, pneumatic, 
motor-driven, etc.) multi-plate friction clutch betWeen out 
put shaft 40 and sprocket 84 such that the torque transfer can 
be adaptively controlled anyWhere in a range betWeen 100:0 
to 50:50 rear-to-front ratio. 

The hybrid drive system of the present invention includes 
tWo drive poWer sources, namely internal combustion 
engine 12 and motor/ generator 22. PoWer from engine 12 is 
transmitted to transmission 14 Which, in turn, is delivered to 
transfer case 42 via the transmission output shaft. Transmis 
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4 
sion 14 can be of any knoWn type (i.e., automatic, manual, 
automated manual, CVT) having a forWard-reverse sWitch 
ing mechanism and a gearshift mechanism. Motor/ generator 
22 is connected to battery 26 and can be selectively placed 
in any of a DRIVE state, a CHARGING state, and a 
NO-LOAD state by controller 30. In the DRIVE state, 
motor/ generator 22 functions as an electric motor Which is 
driven by electric energy supplied from battery 26. In the 
CHARGING state, motor/generator 22 functions as an elec 
tric generator With regenerative braking (brake torque elec 
trically generated by motor/ generator 22) for storing elec 
trical energy in battery 26. In the NO-LOAD state, the 
output (i.e., rotor 70) of motor/generator 22 is permitted to 
rotate freely. 
As noted, control system 24 is provided for controlling 

operation of the hybrid poWertrain shoWn in FIG. 1 equipped 
With either of transfer cases 42 or 142. Referring to FIG. 4, 
controller 30 is shoWn to receive input signals from various 
sensors and input devices previously identi?ed cumulatively 
in FIG. 1 as vehicle sensors 28. Controller 30 is principally 
comprised of a microcomputer having a central processing 
unit (CPU), random-access memory (RAM), read-only 
memory (ROM) and an input-output actuator interface. 
Controller 30 performs data processing operations to 
execute various control routines according to control pro 
grams and/or maps stored in the ROM. Controller 30 
receives data from an ignition sWitch 130, a gearshift lever 
sWitch 132, an accelerator position sensor 134, a brake status 
sWitch 136, a battery temperature sensor 138, a battery SOC 
(state of charge) sensor 140, and a throttle position sensor 
142. In addition, other inputs include an engine speed sensor 
144, a motor speed sensor 146, a rear shaft speed sensor 148 
and a front shaft speed sensor 150. Ignition sWitch 130 is 
closed When the vehicle key is turned on. Assuming trans 
mission 14 is of an automatic type, then “P”, “N”, “R”, and 
“D” sWitches in gearshift selector sWitch 132 are closed 
When the gearshift mechanism is located in its Park (P), 
Neutral (N), Reverse (R) and Drive (D) positions, respec 
tively. Accelerator position sensor 134 senses the depression 
angle of an accelerator pedal. Brake status sWitch 136 is 
turned on When the brake pedal is depressed. Battery tem 
perature sensor 138 senses the temperature of battery 26. 
Battery SOC sensor 140 senses the charge level of battery 
26. Throttle position sensor 142 senses the degree of open 
ing of the engine throttle valve. Engine speed sensor 144 
senses a parameter indicative of the rotary speed of the drive 
shaft of engine 12. Motor speed sensor 146 senses a param 
eter indicative of the rotary speed of rotor 70 of motor/ 
generator 22. Rear speed sensor 148 senses the rotary speed 
of either rear output shaft 40 or rear propshaft 38 and can 
further be used as an indication of vehicle speed. Front speed 
sensor 150 senses the rotary speed of either front output 
shaft 52 or front prop shaft 50. 
Based upon the operating information inputted to con 

troller 30, a mode of operation of the hybrid poWertrain is 
selected and controller 30 sends electric control signals to 
the various poWer-operated controlled devices. Speci?cally, 
controller 30 monitors and continuously controls actuation 
of motor/generator 22. Additionally, controller 30 monitors 
and controls various engine management systems for con 
trolling the speed and torque generated by engine 12. These 
include a fuel injection system 152, an ignition timing 
system 154, and a valve timing system 156. A loW voltage 
auxiliary battery 158 may serve as the poWer supply for 
controller 30. 

There are four modes of operation for vehicle 10, namely: 
(a) an electric mode; (b) a hybrid; (c) an engine mode; and 
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(d) a regenerative mode. In the electric mode, only motor 22 
provides motive poWer to vehicle 10. In the hybrid mode, 
both engine 12 and motor 22 provide motive poWer to 
vehicle 10. In the engine mode, only engine 12 provides 
motive poWer to vehicle 10. In the regenerative mode, a 
portion of the engine poWer is absorbed by motor/ generator 
22 to charge battery 26. The transition from one mode to the 
next is smooth and transparent to the vehicle operator since 
controller 30 selects the most appropriate mode depending 
on various vehicle operating conditions including vehicle 
speed, accelerator demand and battery charge status. 

During operation in the electric mode, it is contemplated 
that the vehicle may be driven up to about thirty miles per 
hour. This permits use of the electric mode in urban areas 
and stop and go driving so as to reduce the overall fuel 
consumption of vehicle 10. 
When shifting from the electric mode into the hybrid 

mode, engine 12 is started. Such that engine 12 and trans 
mission 14 deliver poWer to primary driveline 16 While 
motor/generator 22 delivers poWer to secondary driveline 
18. Controller 30 controls engine torque via real-time con 
trol of the various engine management systems in conjunc 
tion With controlling the motor torque developed by motor/ 
generator 22. Under light throttle conditions, motor/ 
generator 22 may be placed in its CHARGING state to 
recharge battery 26. 
When operating conditions of vehicle 10 Warrant opera 

tion in the engine only mode, the hybrid drive system is 
sWitched by simply shifting motor/generator 22 into its 
NO-LOAD state. Additionally, motor/generator 22 can be 
shifted into its CHARGING state to provide regenerative 
braking. A mode selector 106 is provided for permitting the 
vehicle operator to intentionally select operation in one of an 
AUTO mode and a 4WD mode. Based on the particular 
drive mode selected, controller 30 controls the actuated 
condition of mode clutch 90. As such, various tWo-Wheel 
drive and four-Wheel drive modes are available at all times. 
Thus, vehicle 10 combines the commercially-successful 
features of a traditional four-Wheel drive drivetrain archi 
tecture (engine, transmission and transfer case) With hybrid 
poWer control to signi?cantly advance the hybrid drive 
technology. Moreover, the present invention provided an 
arrangement for a hybrid four-Wheel drive vehicle Which is 
not highly customiZed, but rather permits “drop-in” assem 
bly of a hybrid transfer case in place of a conventional 
transfer case. This arrangement also permits the use of a 
smaller internal combustion engine that is siZed for cruise 
operation While the electric assist of the motor/generator is 
capable of driving the vehicle at loW speeds. 

Preferred embodiments of the invention have been dis 
closed to provide those skilled in the art an understanding of 
the best mode currently contemplated for the operation and 
construction of the four-Wheel drive hybrid drive system. 
The invention being thus described, it Will be obvious that 
various modi?cations can be made Without departing from 
the true spirit and scope of the invention, and all such 
modi?cations as Would be considered by those skilled in the 
art are intended to be included Within the scope of the 
folloWing claims. 
What is claimed is: 
1. A transfer case for use in a motor vehicle having a 

poWertrain and front and rear drivelines, comprising: 
a rear output shaft for transmitting drive torque from the 

poWer‘train to the rear driveline; 
a front output shaft connected to the front driveline; 
an electric motor driving said front output shaft for 

transmitting drive torque to the front driveline; and 
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6 
a control system for controlling actuation of said electric 

motor to de?ne an electric operating mode Wherein said 
electric motor transmits drive torque to said front 
output shaft While no drive torque is delivered by said 
electric motor to said rear output shaft. 

2. The transfer case of claim 1 Wherein a hybrid operating 
mode is established When the poWertrain transmits drive 
torque to said rear output shaft While said electric motor 
delivers drive torque to said front output shaft. 

3. The transfer case of claim 1 Wherein said control 
system includes a controller and sensors for detecting oper 
ating characteristics of the vehicle and sending sensor input 
signals to said controller, said controller operable to send 
control signals to said electric motor. 

4. The transfer case of claim 1 further comprising a mode 
clutch for selectively coupling said rear output shaft to said 
front output shaft, said mode clutch having a poWer-operated 
clutch operator Which is controlled by said control system. 

5. The transfer case of claim 4 having a transfer unit 
including a ?rst sprocket rotatably supported on said rear 
output shaft, a second sprocket ?xed to said front output 
shaft and a poWer chain connecting said ?rst and second 
sprockets, and Wherein said mode clutch is operable in a 
released mode to permit rotation of said ?rst sprocket 
relative to said rear output shaft and in an engaged mode to 
rotatively couple said rear output shaft to said ?rst sprocket. 

6. The transfer case of claim 5 Wherein said control 
system permits selection of a tWo-Wheel drive mode and a 
part-time four-Wheel drive mode, said tWo-Wheel drive 
mode is established With said mode clutch in its released 
mode, said part-time four-Wheel drive mode is established 
With said mode clutch in its engaged mode. 

7. The transfer case of claim 1 Wherein said control 
system controls actuation of said electric motor in a drive 
mode and a charging mode, said drive mode is established 
When electric poWer is supplied to said electric motor and 
said charging mode is established When electric poWer is 
generated by said electric motor. 

8. The transfer case of claim 1 further comprising a 
gearset having an input member driven by said electric 
motor and an output member driving said front output shaft. 

9. A transfer case for use in a motor vehicle having a 
poWer‘train and front and rear drivelines, comprising: 

a rear output shaft for transmitting drive torque from the 
poWer‘train to the rear driveline; 

a front output shaft connected to the front driveline; 
an electric motor for selectively driving said front output 

shaft for transmitting drive torque to the front driveline; 
a mode clutch for selectively coupling said rear output 

shaft to said front output shaft; and 
a control system for controlling actuation of said mode 

clutch and said electric motor, said control system 
establishing a tWo-Wheel electric drive mode and a 
tWo-Wheel engine drive mode, said tWo-Wheel electric 
drive mode is established When said mode clutch is 
released and said electric motor is actuated to drive said 
front output shaft While no drive torque is transmitted 
from the poWertrain to said rear output shaft, and 
Wherein said tWo-Wheel engine drive mode is estab 
lished When said mode clutch is released and said 
electric motor is off and the poWer‘train transmits drive 
torque to said rear output shaft. 

10. The hybrid motor vehicle of claim 9 Wherein a 
four-Wheel engine drive mode is established When said 
mode clutch is engaged and said electric motor is off such 
that the poWer‘train transmits drive torque to said front and 
rear output shafts. 
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11. The transfer case of claim 9 wherein a four-Wheel 
drive hybrid operating mode is established When the poW 
ertrain is actuated for driving said rear output shaft and said 
electric motor is actuated for driving said front output shaft 
While said mode clutch is released. 

12. A transfer case for use in a motor vehicle having an 
engine and front and rear drivelines, comprising: 

a rear output shaft for transmitting drive torque from the 
engine to the rear driveline; 

a front output shaft connected to the front driveline; 
an electric motor that can be selectively actuated for 

transmitting drive torque only to said front output shaft; 
and 

a control system operable to establish an engine drive 
mode and an electric drive mode, said engine drive 
mode is established When the engine drives said rear 
output shaft and said electric motor is off and said 
electric drive mode is established When the engine is off 
and said electric motor drives said front output shaft. 

13. The transfer case of claim 12 Wherein said control 
system is operable to establish a hybrid drive mode When the 
engine drives said rear output shaft and said electric motor 
drives said front output shaft. 

14. The transfer case of claim 12 further comprising a 
mode clutch operably disposed betWeen said rear output 
shaft and said front output shaft, and Wherein an engine 
four-Wheel drive mode is established When said mode clutch 
is engaged, said electric motor is off and the engine drives 
said rear output shaft. 

15. The transfer case of claim 14 Wherein said control 
system establishes a four-Wheel drive hybrid operating mode 
When said mode clutch is in its released mode and said 
electric motor is actuated to drive said front output shaft 
While drive torque is transmitted from said poWertrain to 
said rear output shaft. 

16. The transfer case of claim 14 Wherein said control 
system establishes a four-Wheel electric drive mode When 
said mode clutch is engaged and no drive torque is trans 
mitted by the engine to said rear output shaft such that said 
electric motor transmits drive torque to both of said rear and 
front output shafts. 
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17. A transfer case for use in a motor vehicle having a 

poWertrain and ?rst and second drivelines, comprising: 
a ?rst output shaft for transmitting drive torque from the 

poWertrain to the ?rst driveline; 
a second output shaft for transmitting drive torque to the 

second driveline; 
an electric motor that can be selectively actuated for 

transmitting drive torque only to said second output 
shaft; and 

a control system for controlling actuation of said electric 
motor in a drive mode and a charging mode, said drive 
mode is established When electric poWer is supplied to 
said electric motor to drive said second output shaft and 
said charging mode is established When electric poWer 
is generated by said second output shaft driving said 
electric motor. 

18. The transfer case of claim 17 further comprising a 
mode clutch operable for selectively coupling said second 
output shaft to said ?rst output shaft. 

19. The transfer case of claim 18 Wherein said mode 
clutch includes a poWer-operated operator controlled by said 
control system for adaptively regulating the drive torque 
transferred from said ?rst output shaft to said second output 
shaft. 

20. The transfer case of claim 18 Wherein said control 
system controls actuation of said mode clutch and said 
electric motor for establishing a tWo-Wheel electric drive 
mode and a tWo-Wheel engine drive mode, said tWo-Wheel 
electric drive mode is established When said mode clutch is 
released and said electric motor is in its drive mode While no 
drive torque is transmitted by the poWertrain to said ?rst 
output shaft, and When said tWo-Wheel engine drive mode is 
established When said mode clutch is released and said 
electric motor is in its charging mode and the poWertrain 
drives said ?rst output shaft. 


